Introduction
Beside T1 and T2 relaxation time, the magnetization transfer (MT) contrast [1] - [3] is a diagnostic relevant parameter as shown in [4] . One question that give rise for further optimization of model based quantitative approaches in clinical diagnostics is for example, if model based MT (mMT), in contrast to MTR (MT ratio), is capable to differentiate different types of macromolecules by their interaction with the environment (free pool) and the related parameters such as transfer rates or the T2 time of the restricted pool. A first step towards the solution of this issue will be investigated within the scope of this technical note and will consist in the implementation of a suitable mMT MR-sequence. Beside approaches such as Cramer-Rao lower bounds (CRLB) to obtain optimal acquisition schemes [5] , which are not discussed within this note, the focus is on the acceleration of mMT sequences covering an off-frequency range from 500 to 16000 Hz with a step size Δf less than 900 Hz. Against this background in order to acquire full brain data at e.g. 20 different frequency offsets (Δf = 816 Hz) it is necessary to keep the acquisition time within an clinically acceptable range of less than 20 minutes-combined with T1 and T2 relaxometry we then end up with a 30 minutes protocol. With the recently proposed simultaneous echo refocusing approach [6] - [10] a modified FLASH sequence with MT preparation was implemented which enables at least a factor three of acceleration. The sequence was tested for a phantom with an 8% agar concentrate.
Methods and Materials
The sequence is a modified 2D-FLASH sequence as shown in Figure 1 . After the MT preparation pulse (flip angle 540 degree) and a spoiler in z direction three echoes from three different slices will be generated by the three subsequent rf-pulses (flip angle 15 degree) during one acquisition. The saved time can be used to acquire more frequency samples. The exemplary phase graph shows how switching the defocusing gradients G d 1 -3 and readout gradient G r which cause the signals of the S1 -3 magnetization pathways refocusing at null points of phase (Figure 2) . The sequence parameters are as follows: MB-factor 3, SAR-factor 2, 60 slices, gap 0, voxel size = 2 mm isotropic, 20 frequency samples, matrix size = 128, TR/TE = 30/4.8 ms, BW = 390 Hz/Px, TA = 19 min 12 sec. The defocusing gradients are calculated, m k = 0.01*s k *G RO *(Δ ADC + Δ ramp ) (k = 0.2), where m is the needed moment for dephase, the s are for scaling the G d 1 -3 amplitudes, G RO is the amplitude of the readout gradient, Δ ADC is the duration of the ADC period and Δ ramp is the ramp-up time of the readout gradient. The SAR factor determines how often the MT-preparation pulse is acquired: SAR = 2 e.g. means, that only every second k-space line the pulse is applied. The scaling factors s k are determined by checking for optimal image quality and minimal phase distortions (see Figure 3, Figure 4) . The SAR value itself is given in percent of the limit on clinical whole body scanners.
Imaging was performed on a 3.0 Tesla whole body scanner. The phantom was a cylinder (13 cm diameter, 10 cm height), filled with water and four integrated tubes filled with agar gel (2%, 4%, 8%) and manganese chloride 0.3 mM respectively. Figure 4 in dependence of the SAR-factor and the off-frequency range from 500 to 16000 Hz. (mean, max, std). Table 2 . Signal intensities (mean, stdev) and signal-to-noise ratios (SNR) for the red marked region (8% agar concentrate) in Figure 4 at the frequency-offset of 500 Hz for three different sequence types: the new MT-SER-FLASH (2D), a standard 2D-and 3D-FLASH with MT-preparation. 
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Results
The MT-SER-FLASH is performed in 19 minutes rather than 1 hour and provides images of good quality (Figure 4) . The SAR could be reduced to 69% instead of more than 100% with a standard 3D-FLASH with MTpreparation. Optimal echo location (Figure 3 ) could be achieved in interleaved mode and a g-scaling of 42, 28, 14 for the three gradients G1 -3 d respectively. The MT-Effect depending on the SAR-Factor (red circle: Agar 8%) is shown in Figure 4 . It demonstrates ( Table 1 ) that an adequate MT-effect compared to the SAR = 1 case is only guaranteed for the SAR = 2 case. For the SAR = 2 case (full brain, 80 kg) the exposition is 69% of the limit.
The signal-to-noise ratio (SNR) of the proposed MT-SER-FLASH (2D) in comparison to the SNR of a standard 2D-and 3D-FLASH with MT preparation at 500 Hz off-resonance-where the strongest MT-effect and the lowest SNR is to be expected-are summarized in Table 2 . It shows that the SNR of the MT-SER-FLASH (SNR = 14) is very similar to the 2D standard FLASH with MT preparation (SNR = 18).
Conclusion
The net reduction of scan time and SAR enables the use of quantitative model based magnetization transfer imaging for more sophisticated purposes within a clinical environment.
